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Gynecological disorders are leading public health problems in developing countries with substantial im-
pact on women’s quality of life. Significant proportion of maternal mortality and reproductive morbidity
is attributed tomisdiagnosis andmismanagement of pregnancy related lethal pathological conditions and
affect women’s health. Timely diagnosis is necessary to prevent maternal deaths and to manage complica-
tions. Biomarker development will create a wide window of opportunity for early diagnosis. This review
discusses the current status of biomarkers and recent advances in ‘omics’ technology for early screening of
endometriosis and pre-eclampsia because of significant global bioburden associated with these disorders.
This review will also give baseline data for future biomarker development strategies.
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Any biological index having the potential to be measured and which indicates defined biological end point like
disease or developmental stage is known as biomarker. Biomarkers monitor wide range of responses, conditions,
prognosis, progression or recurrence of disease from molecular level up to anatomical level. Biomarkers may
include wide range of measurable or significant targets including cellular, biochemical, and immunological, genetic,
physiological or molecular changes. Biomarkers help us acquire knowledge about effects and nature of an exposure
and the liability of organisms towards the noxious impacts of that exposure. An ideal biomarker is highly sensitive,
specific, noninvasive, easily accessible, robust (i.e., accurate, simple and cost-effective) and able to monitor disease
progression, prognosis, and response to treatment.
Patients with pregnancy related disorders especially endometriosis and preeclampsia are at considerable risk of
severe complications and death. To improve clinical outcomes rapid and appropriate diagnosis is necessary because
catching the disease at an early stage provide sufficient time to mitigate the risks of diseases.
Despite much effort, the proper screening of disease through conventional diagnostic approaches is still a
challenge and an extensive research in biomarker development will resolve this challenge. The discovery of an
effective biomarker is one of the top research priorities in preeclampsia and endometriosis but the development of
clinically approved biomarker assay needs further research. Till date, several potent biomarkers of endometriosis
and pre-eclampsia have been reported, which could assist to make timely diagnosis but none of these biomarkers
have approved yet.
Pre-eclampsia
Pre-eclampsia is disorder of pregnancy characterized by high blood pressure and damage to other organ systems.
Pre-eclampsia is a leading cause of prenatal and maternal morbidity [1].
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Table 1. The best studied biomarkers for pre-eclampsia.
Biomarker Test characteristics for prediction
sFlt-1 Sensitivity 26–73.1%
Specificity 88.5–100%
sEng Sensitivity 18–85%
Specificity 69–84.6%
PP-13 Sensitivity 79–100%
Specificity 80–90%
PAPP-A 1st trimester
Sensitivity (49.7–69.7%)
Specificity (68.6–85.7%)
NGAL Sensitivity 97.89%
Specificity 93.55%
Insulin resistance Sensitivity 73%
Specificity 85%
SHBG Sensitivity 85%
Specificity 37.7%
Inhibin A and activin A Sensitivity 87%
Specificity 80%
Copeptin First trimester
Sensitivity 88%
Specificity 81%
Uterine artery doppler Positive likelihood ratio 9:1
Podocytes Sensitivity 38–100%
Specificity 70–100%
NGAL: Neutrophil gelatinase associated lipocalin; PAPP: Pregnancy-associated plasma protein; PP: Placental protein; sEng: Soluble endoglin; SHBG: Sex hormone-binding globulin.
It accounts for 2–10% of all pregnant women and affects many organ systems thus, causing stroke, renal and liver
failure, respiratory compromise, cardiac dysfunction and coagulopathy. Pre-eclampsia is recognized after 20 weeks
of gestation because of new onset of proteinuria and hypertension [2].
Biomarkers of pre-eclampsia
There is a dire need to develop novel diagnostic and predictive biomarkers of pre-eclampsia because of its high
prevalence so that asymptomatic patients can easily be targeted for detection of anticipated complications. The best
studied biomarkers for management of pre-eclampsia are discussed below (Table 1).
Soluble Fms-like tyrosine kinase-1
Soluble Flt-1 is an antiangiogenic form of VEGF-receptor 1 [3] that has been associated with development of
pre-eclampsia. Elevated concentration of sFlt-1 has been observed in females with pre-eclampsia as compared
with controls [4]. Serum level of sFlt-1 correlates with severity of disease [5] and significant decrease has been
observed after delivery [4]. Upregulation of mRNA of sFlt-1 has been identified in the placenta of females with
pre-eclampsia [6]. Several studies have shown the elevated level of sFlt-1 in nulliparity (that leads to pre-eclampsia) as
compared with multiparous women [7]. Nulliparity is the risk factor for pre-eclampsia with an incidence rate two- to
three-times higher than than multiparous pregnancies. A study suggested that epidemiological link between excess
pre-eclampsia and nulliparity may occur because of changes in angiogenic profile in nulliparous women [8–10]. It
has been reported that PlGF combined with sFlt-1 can efficiently predict pre-eclampsia. Several evidences indicate
an increase in concentration of VEGF in pre-eclampsia affected women. VEFG and its receptors play an important
role in neovascularization angiogenesis and vasculogenesis during range of pathological and physical processes that
are tumorigenesis, pre-eclampsia and female reproductive cycle. Endothelial cell damage and tissue hypoxia triggers
the secretion of VEGF. Changes in circulating level of VEGF may detect the pregnancies that are at high risk of
developing pre-eclampsia [11].
Soluble endoglin
A transmembrane glycoprotein, endoglin consists of two splice variants endoglin L and endoglin S [12]. sEng is an
extracellular domain fragment of a TGF-β1 and TGF-β3 coreceptor, which act antagonistically to TGF-β1 binding.
Endoglin highly expresses on plasma membrane of endothelial and syncitiotrophoblast cells. Like sFlt-1, the onset
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Table 2. Possible algorithms for pre-eclampsia prediction.
Model Detection rate False positivity rate
PAPP-A, PP-13, doppler PI 48% all cases of PE 10%
68% early onset PE 5%
PAPP-A, inhibin A, PlGF, doppler PI 40% all cases of PE 10%
100% early onset PE 10%
PAPP-A, PlGF, doppler PI, MAP 54% all cases PE 10%
96% early onset PE 10%
MAP: Mean arterial pressure; PAPP: Pregnancy-associated plasma protein; PE: Pre-eclampsia; PP: Placental protein.
of the symptomatic phase of pre-eclampsia is followed by the appearance of circulating sEng. sEng inhibits tube cell
formation and endothelial cell proliferation. Recent study revealed that increased concentration of sEng in serum
correlates with severity of pre-eclampsia [13] because serum level of sEng remains stable during whole gestation
period in normal pregnancy whereas, elevates during second trimester in women affected with pre-eclampsia [12].
Therefore, it is an effective biomarker for screening of pre-eclampsia.
Placental protein 13 & PIGF
PP13 is 32 kDa dimeric protein. It was first isolated from placenta specifically by syncytiotrophoblast [14]. It consists
of carbohydrate binding domain where proteins actin-β and annexin-II bind to play an active role in maternal artery
remodeling and placentation, respectively [15]. In normal pregnancy the serum level of PP13 increases whereas,
abnormal decrease in concentration of PP13 has been observed in women with pre-eclampsia [16]. Measurement
of PP13 during first trimester may act as potent biomarker for prediction of pre-eclampsia [13]. Maternal serum
levels of sFlt-1, PP13 and FSLT3 predict late-onset pre-eclampsia [17]. Ra˘dulescu et al. compared the serum level of
soluble markers sFlt-1, IL-6, IL-16 and PlGF during the second and third trimester of pregnancy. The findings of
study revealed PlGF as the best predictor for pre-eclampsia with a sensitivity of 100% at a concentration threshold
of 120.16 pg/ml [18,19]. Likewise, another study suggested that serum concentration of PIGF was decreased and
activin A and inhibin A was increased in early second trimester in women who developed pre-eclampsia [20]. Another
study suggests that sFlt1:PlGF ratio may serve as best diagnostic biomarker for pre-eclampsia during the second
trimester of pregnancy [21].
Pregnancy associated plasma protein-A
Placental trophoblasts secretes pregnancy associated plasma protein-A (PAPP-A) that is a protease consisting of 1628
amino acid [13]. PAPP-A regulates fetal growth [22]. A study revealed that concentration of PAPP-A was considerably
decreased during early onset pre-eclampsia whereas, level of PAPP-A in the late onset pre-eclampsia was equal to
control group. Therefore, PAPP-A may play an important role in preliminary examination of pre-eclampsia [23].
Kalousova´ et al., summarize the possible algorithms for pre-eclampsia prediction during 11–13 weeks of gestation
(Table 2) [24].
Neutrophil gelatinase associated lopicalin
NGAL is a protein that is 25 kDa in size. Its presence was first identified in human neutrophils as matrix proteins of
specific granules. Increased concentration has been reported in neoplastic conditions, renal disorders, cardiovascular
disorders, infections and inflammation [25]. A study revealed that concentration of NGAL was increased during the
second trimester of pregnancy in women with pre-eclampsia as compared with control group [26]. Serum level of
NGAL and its positive correlation with proteinuria and with diastolic and systolic blood pressure makes it potent
biomarker for timely diagnosis of pre-eclampsia.
Insulin resistance
Insulin resistance has been associated with pre-eclampsia. Sex-hormone-binding globulin (SHBG) – a glycoprotein
produced by the liver acts as marker of insulin resistance because it binds circulating estrogens and results in
inhibition of T. Hepatic SHBG production by insulin. The reduction in SHBG levels is a marker of insulin
resistance and hyperinsulinemia. The level of human placental lactogen (hormone responsible for insulin resistance
during normal pregnancy) is reduced in pre-eclampsia. Several evidences suggest that women with pre-eclampsia
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experience an increase in insulin resistance specifically during second and third trimesters compared with normal
pregnancy. Some novel researches support this finding based on increased level of inositol phosphoglycan P-type
(P-IPG) in women with pre-eclampsia. P-IPG is a second messenger of insulin that increases insulin resistance and
metabolic effects of insulin. Insulin may help in clinical practice to monitor progression of pre-eclampsia [27].
Sex hormone-binding globulin
SHBG secreted by liver is a glycoprotein which binds with circulating testosterone and estrogen. Several studies
indicate significant decrease in concentration of sex-hormone-binding globulin in pre-eclampsia affected women
compared with controls [28]. Insulin inhibits the production of SHBG in liver cells thus, decreased SHBG level may
acts as marker of hyperinsulinemia. The level of SHBG is increased during first and second trimesters specifically
during reaching climax during 24 weeks. Thus, SHBG is considered as reliable marker for insulin resistance and
diabetes. Some researchers reported no association between pre-eclampsia and SHBG whereas, some suggested
complex relationship. According to Rehmanian et al., independent of IR, high blood SHBG is associated with
reduction of the odds of pre-eclampsia [29].
Inhibin A & activin A
Glycoproteins inhibin A and activin A has been reported as biomarkers of pre-eclampsia. Both belongs to trans-
forming growth factor β family and are largely secreted by fetoplacantal unit during pregnancy. The serum level
of both hormones elevates during third trimester of normal pregnancy but tenfold increase is observed in women
with severe pre-eclampsia.
Apolipoprotein E
Pre-eclampsia is associated with serum level of ApoE and polymorphisms of ApoE gene. A study demonstrated
that women with pre-eclampsia experience higher incidence of ApoE e2 allele case compared with controls [30].
However, its role as biomarker of pre-eclampsia is still uncertain.
Copeptin
A recent study demonstrated that copeptin protein that is a byproduct of arginine vasopressin can detect pre-
eclampsia during first 1.5 months of pregnancy [31].
Uterine artery doppler
Several studies have suggested uterine artery doppler velocimetry as a best screening test to detect pre-eclampsia.
However, according to recent evidences, the use of doppler ultrasonography is more effective in combination with
angiogenic biomarkers [32].
Podocytes
Several studies associate the clinical features of pre-eclampsia with podocyte dysregulation. Ermina and colleagues
suggested that deletion of one of VEGF from podocyte of mice led to development of pathological conditions in
mice kidney [33]. Human-based study indicated a dominant reduction of podocyte specific protein expression in the
kidneys of women with pre-eclampsia [34]. Garovic and colleagues demonstrated that urinary podocyte excretion
occurred in all women affected with pre-eclampsia [35]. However, research is still underway to develop podocytes as
diagnostic or prognostic markers recent evidence suggested showed contrasting results that podocyturia may occur
at a low level during normal pregnancy.
Proteomics
The field of proteomics provides powerful tools that assist in discovery of disease markers based on rapid identifi-
cation as well as quantification of proteins. This field will have profound implications on the clinical management
and diagnosis of pre-eclampsia through the discovery of novel biomarkers. The total content of proteins present
in any biological fluid (urine, blood or amniotic fluid) or biological compartment (organelle, cell and organism) is
proteomics. Altered protein expression can be used in the discovery of biomarkers. The research related to urinary
proteomics led to identification of pre-eclampsia biomarkers such as fragments of albumin and SERPINA1. Serine
protease SERPINA1 is synthesized by many cell types specifically trophoblasts [36]. Proteomic profile consisting
of fragments of albumin and SERPINA1 has been observed in the urine of pre-eclampsia affected females [37].
Likewise, other study has identified about 31 proteins that are specifically expressed in pre-eclampsia patients [38].
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Metabolomics
Metabolomics deals with characterization of metabolites or small molecules found in biological systems [39]. Odibo
et al., suggested the effective role of metabolomics for diagnosis of pre-eclampsia during first trimester. Four
metabolites (phenylalanine, alanine, glutamate, and hydroxyhexanoylcarnitine) were found to be significantly higher
in pre-eclampsia affected females compared with normal healthy controls [40]. However, the field of metabolomics
is still in infancy and need further thorough research.
Other novel biomarkes
The identification of novel noncoding RNAs, snoRNAs and mRNAs specifically Kell blood group determinants,
urothelial cancer associated 1, miRNA-22, miR-517-5p, miR-518b and miR-520h and the roles of PRG2, mis-
expressed by various trophoblast subpopulations in severe pre-eclampsia offers hope for the development of new
biomarkers. In severe pre-eclampsia number of cajal body foci were found to be double in cytotrophoblasts. The
severity of PE can also be measured by higher level of angiogenesis, antiangiogenesis and cell damage in patients
who develop HELLP syndrome. Recent study have demonstrated that RBP-4 can also serve as biomarker of pre-
eclampsia because concentration of RBP4 concentration gets lower in pregnant women with severe pre-eclampsia
than those with healthy pregnancy [41] whereas, another recent study has shown the upregulation of RBP4 and
downregulation of PAPP-A in early pregnancy of pre-eclampsia patients as compared with normal pregnancies. The
comparison of maternal and cord blood levels among pre-eclampsic pregnant women and normotensive pregnant
women showed increase in the level of lipid profile (namely, total cholesterol, triglycerides, LDL-C, VLDL-C and
HDL-C), heme oxygenase 1, TSH, folic acid and homocysteine and decrease in the level of endoglin, IGF-I,
cholinesterase, IGF-I, blood vitamin B12 and Apo A-I and Apo B l [42]. SPGF, uterine artery pulsatility index and
mean arterial pressure (MAP) may form the basis of screening for pre-eclampsia. Another biomarker for renal injury
in pre-eclampsia is Urine KIM-1 [43]. Urinary nephrin may also be a useful biomarker of pre-eclampsia because of
its observed higher concentration in pregnancy with pre-eclampsia as compared with normal pregnancy [44]. Some
other recent studies have shown the differential expression of several proteins such as myeloid cell nuclear differ-
entiation antigen, vitamin D-binding protein, keratin, Type I cytoskeletal 9 (K1C9), α-1-antitrypsin , transferrin,
CD5 antigen-like molecule, zinc-α-2-glycoprotein, haptoglobin, β-2-glycoprotein 1 (APOH), vitronectin, α-2-
HS-glycoprotein (FETUA) and complement factor B in the plasma of women suffering from pre-eclampsia [45].
The increased urinary concentration of MMP-2 at 12 and 16 weeks of gestation predicts an increased risk of
pre-eclampsia [46]. Amniotic fluid compositional changes such as uric acid, potassium and cysteine to methionine
ratio levels may help in diagnosis of pre-eclampsia. Inflammation biomarkers specifically cytokines; IL-1β, -6 and
-10, CRP and TNF-α and oxidative stress biomarkers such as 8-hydroxydeoxyguanosine and 8-isoprostane may
also help in the detection of pre-eclampsia at early stages [47]. Some of the immune biomarkers of pre-eclampsia are
IL-6, IL-4, IL-5, IL-12, IL-10, IL-8, IL-1-β, TNF-α and beta, RANTES, IFN-γ, brain-derived neurotrophic factor
and TGF-β [48,49]. The value of hematocrit-albumin >12.65 may help in the auxiliary diagnosis of pre-eclampsia
and eclampsia in hypertensive disorders of pregnancy [1]. Some differentially expressed genes and rSNPs in pre-
eclampsic women are rs10423795 in the LHB gene; rs3771787 in the HK2 gene; rs72959687 in the INHA gene;
rs12678229, rs2227262 and rs3802252 in the NDRG1 gene; rs34845949 in the SASH1 gene and rs66707428
in the PPP1R12C gene [50]. Progranulin and soluble endoglin are putative new biomarker for an early detection
of intrauterine growth restriction and pre-eclampsia in women [51]. Cereberal biomarkers for example, NSE and
S100B were observed elevated 1 year postpartum in women who had pre-eclampsia in contrast to women with
previous normal pregnancies [52]. Oxidative stress markers may also predict pre-eclampsia for example, activity of
catalase, vitamin C, thiol groups and δ-ALA-D (delta-aminolevulinate dehydratase) were found to be lower in
pregnant women with pre-eclampsia whereas, thiobarbituric acid-reactive species was higher in pregnant women
with pre-eclampsia as compared with healthy pregnant women [53].
Endometriosis
Endometriosis is an estrogen-dependent benign inflammatory disorder associated with dysmenorrhoea, intermen-
strual bleeding, dyspareunia, pelvic pain and infertility. It is the leading cause of infertility in USA because 10million
women are known to have affected with this disorder currently. The 2–10% and 35–50% prevalence have been
reported in reproductive age women and women with unexplained infertility, respectively. Endometriosis can have
negative effects on the physiological development of pregnancy. Pregnant women may also experience changes
of endometriotic cysts that are rapidly growing and abundantly vascularized intraluminal vegetations and ovarian
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Table 3. The best studied biomarkers for endometriosis.
Biomarker Test characteristics for prediction
CA-125 + prolactin Sensitivity 77%
Specificity 88%
Glycoproteins Follistatin Sensitivity 92%
Specificity 96%
Zn--2-glycoprtoein Sensitivity 69.4%
Specificity 100%
Glycodelin Sensitivity 78.4%
Specificity 82.1%
Cytokines Serum IL-6 Sensitivity 100%
Specificity 100%
Serum IL-8 Sensitivity 90%
Specificity 92%
TNF- Sensitivity 95%
Specificity 86.2%
Serum CRP Sensitivity 85%
Specificity 93.7%
miRNA Sensitivity 93.22%
Specificity 96.00% [58]
ICAM-1 Sensitivity 58.3%
Specificity 60.0%
Circulating cell-free DNA Sensitivity 70%
Specificity 87%
Autoantibodies Sensitivity 83%
Specificity 79%
CA-125: Cancer antigen-125; CRP: C-reactive protein; ICAM-1: Intercellular cell adhesion molecule-1.
endometrioma transformation. Some evidences reveal that complications such as small for gestational age babies,
preterm births, miscarriages, cesarean delivery, gestational diabetes mellitus, placenta praevia, obstetric hemor-
rhages and hypertensive disorders [54]. Hadfield et al., reported that no association exists between endometriosis
and pre-eclampsia [55] in contrast to the findings of Broson et al., who reported that endometriosis is associated
with decreased risk of pre-eclampsia [56].
Biomarkers of endometriosis
Previous studies have focused on the association of endometriosis with adhesion molecules, inflammatory and
noninflammatory cytokines, angiogenic and growth factors, glycoproteins – among others, however, not a single
biomarker has been validated as effective screening test for endometriosis.
Study analyzing 28 biomarkers revealed that only four to five biomarkers (glycodelin, VEGF, CA-125, sICAM-1)
enabled the detection of endometriosis with 63–81% sensitivity and 81–90% specificity [57]. Discussed below are
the best studied biomarkers of endometriosis (Table 3).
Cancer antigen-125
Cancer antigen-125 (CA-125)-glycoprotein antigen is expressed in in nonmalignant pelvic conditions for example,
fibroids, endometriosis, pregnancy and pelvic inflammatory disease as well as epithelial ovarian cancer. The use of
CA-125 as biomarker of endometriosis has been extensively studied. Number of evidences correlate CA-125 with
severity and diagnosis of diseases especially endometriosis and endometriotic ovarian cyst [59] because CA-125 is not
specific for endometriosis, it acts as tumor marker in cases of ovarian cysts as well. Although, some evidences suggest
that CA-125 lacks sensitivity and specificity even than CA-125 is the only biomarker that has been translated to the
clinic as a biochemical marker to diagnose endometriosis [60]. However, endometriosis was easily diagnosed when
CA-125 and prolactin were assessed together.
Glycoproteins
Serum proteins related to symptoms of pre-eclampsia such as hypertriacylglycerolemia, low-grade inflammation
and obesity would serve as new markers in clinical practice. Several different proteins that increase or decrease
to certain level in pre-eclampsia are IGF-binding protein-1, IGF-1, α fetoprotein, sEng, human chorionic go-
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nadotrophin, PAPP-A, PP13, sFlt-1, sVEGFR-1, VEGF and PlGF. Pre-eclampsia is characterized by dysfunctional
angiogenic pathway and coagulation system and histidine rich glycoprotein is a protein that interacts with both
these biological systems. Serum level of histidine rich glycoprotein might act as a marker for identification of later
onset of pre-eclampsia in gestational week 10. The serum level of follistatin elevates in women with endometrio-
sis [61] and exhibits good specificity and sensitivity. Signorile and Baldi introduced Zn-α-2-glycoprtoein as potent
biomarker of endometriosis with 69.4% sensitivity and 100% specificity [62]. Increased concentration of glycodelin
that has been observed in patients with endometriosis favors its use as potent biomarker of endometriosis with
78.4% sensitivity and 82.1% specificity [63].
Cytokines
The use of immunological and inflammatory cytokines as biomarkers of endometriosis has been studied extensively.
Number of cytokines such as MCP-1, TNF-α, interferon-γ (IFN-γ), IL-1, IL-6, and IL-8 has been examined in
search for noninvasive screening of endometriosis [61]. Significant increase in IL-4, YKL-40, C-reactive protein
(CRP), and co-peptin has been observed in patients with endometriosis. Likewise, the concentration of MCP-1,
IL-8, and RANTES was found to be higher in peripheral blood of patients with endometriosis. Mihalyi et al
reported that panel consisting of luteal plasma levels of CA-125, TNF-α, and IL-8, distinguished endometriosis
patients from normal control with 71.1% specificity and 89.7% sensitivity. IL-8 which is an autocrine growth
factor in the endometrium is the potential candidate for biomarker discovery [64].
miRNA
Fassbender et al., suggested the use of miRNAs in peripheral blood as effective biomarkers of endometriosis [65].
Increased plasma levels of miR-16, miR-191 and miR-195 [66] and reduced levels of miR-22, miR-20a and
miR-17-5p have been observed in women affected with endometriosis [67]. Likewise, another study revealed an
increase in serum concentration of miR-122, miR-199a and decrease in miR-9* miR-542-3p, miR-141* and miR-
145*in endometriosis affected women [58]. Serum let-7 family miRNA family have also shown dysregulation in
endometriosis [68]. This overexpression of several miRNAs peritoneal endometriotic lesions compared with healthy
surrounding tissues will form the basis of development of biomarker for endometriosis [69]
Cell adhesion & invasion
Concentration of soluble intercellular cell adhesion molecule-1 (sICAM-1) elevates during early stages of en-
dometriosis and decreases at late stages [61]. Likewise, increase in level of MMPs [70] specifically MMP-2 [71] and
MMP-9 [72] have been observed in endometriosis affected patients compared with normal individuals.
Cell populations
Although none of cell population such as macrophages/monocytes, T cells, B cells, polymorphonuclear neutrophils
and natural killer cells has been proved as biomarker of endometriosis however, recent evidence revealed decrease in
serum level of CD25high forkhead box 3+ (FOXP3+) subset of CD4+ regulatory T cells in endometriosis patients
compared with normal healthy females [73].
Circulating cell-free nucleic acids
Circulating cell-free (ccf ) nucleic acids in plasma and serum may form the basis of noninvasive monitoring of
variety of benign and malignant proliferations and inflammatory conditions. Zachariah et al., reported an increase
in concentration of ccf nuclear DNA in endometriosis however, use of this ccf DNA needs further research [74].
Oxidative stress
Several studies exhibited significant decrease in serum level of plasma superoxide dismutase [75], high density
lipoproteins, paroxonase (PON-I) [76] and increase in concentration of low-density lipoprotein, total cholesterol,
triglycerides, lipid peroxidises [76], heat shock protein 70b′ (HSP70b′) [77], 25-hydroxycholesterol [78] and vitamin
E [75]. Lower level of serum total thiol, native thiol and higher level of catalase levels observed in endometriotic
patients make oxidative stress biomarkers an efficient tool to monitor the disease’s progress during the treatment [79].
Autoantibodies
In endometriosis, autoantibodies response to endometrial antigens such as carbonic anhydrase, transferrin and
α(2)-heremans schmidt glycoprotein. Use of antiendometrial antibodies as biomarker of endometriosis exhibited
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promising results because total count of antiendometrial antibodies was found to be higher in endometriosis
patients compared with controls. Likewise, specific antibodies against cardiolipin, lipid peroxide modified rabbit
serum albumin, transferrin, carbonic anhydrase, laminin-I, α2-HS glycoprotein, malondialdehyde-modified low-
density lipoprotein and copper oxidized low-density lipoprotein have shown promise as effective biomarkers of
endometriosis [61]. Likewise, an increased concentration of antisyntaxin 5 autoantibodies [80] and serum anti-
PDIK1L [81] in endometriosis patients have also been reported. Autoantibodies against IGF-2, mRNA-binding
protein 1 (IMP1) [82] and epitopes of stomatin-like protein 2, tropomodulin 3 (TMOD3) and tropomyosin 3
(TPM3) has been found to be significantly higher in endometriosis patients [83].
Angiogenic factors
In angiogenesis, angiogenic factors activate proteases derived from vascular endothelial cells and dissolve basement
membrane, migrate and proliferate endothelial cells and form capillary tube. Angiogenic factors involved in
this process are: IL-8, estradiol, angiogenin, proliferin, pleiotropin, tumor necrosis factor, HGF, platelet-derived
endothelial cell growth factor, platelet-derived growth factor, transforming growth factor α and β, epidermal
growth factor, placenta growth factor, VEGF and basic FGF. Increased concentration of VEGF has been observed
in patients of endometriosis [84] however, its use as biomarker is still unclear because of contrasting results obtained
from another study [85]. Serum concentration of PEDF was decreased [86] whereas, HGF [87], FGF-2, soluble Flt-I
(VEGFR-1), and angiogenin was increased in women with endometriosis [61].
Proteomics
A lot of research regarding proteome fingerprint technology has been done to develop biomarker for screening
of endometriosis. Proteomic fingerprint model with three peptide peaks exhibiting 95% specificity and 91.4%
sensitivity has been observed in 126 endometriosis affected patients compared with 120 normal controls [88].
Another combination of five peptide peaks that identified endometriosis with 84% specificity and 88% sensitivity
has also been reported [89]. Proteomic technologies may form the basis of development of an effective biomarker
for endometriosis because of promising results obtained in variety of researches.
Metabolomics
Studies regardingmetabolome of patients are enabling the scientists to evaluate the progression of disease. Significant
decrease in stearic acid was observed in endometriosis patients [90]. Another study has suggested the association of
endometriosis with increased levels of phosphatidylcholines and sphingomyelins providing 84.3% specificity and
90.0% sensitivity for screening of endometriosis [91]. Dutta et al., reported that concentration of 3-hydroxybutyrate,
lactate, glycerophosphatidylcholine, L-alanine, L-leucine, L-lysine, L-threonine, L-valine, succinic acid and 2-
hydroxybutyrate were increased whereas, concentration of L-isoleucine, glucose and L-arginine was decreased in
endometriosis affected females [92]. More research on metabolomics and metabonomics is required to develop
potent biomarker for noninvasive diagnosis of endometriosis.
Other biomarkers
High-throughput molecular studies have opened an avenue to the rational discovery of molecules that are overex-
pressed in women with endometriosis. mRNA expression levels for surviving, VEGF and CA-125 are peripheral
blood markers that act as diagnostic tools for endometriosis [93]. Munros et al., reported an increased level of total
circulating microparticle levels in patients with deep infiltrating endometriosis [94]. A recently published Cochrane
review evaluated 122 serum biomarkers of endometriosis in more than 15,000 subjects and found out CA-125 as
the most potent biomarker produced by endometrial and mesothelial cells in response to inflammation [95]. Like-
wise, 214 proteins that were differentially expressed in ovarian endometrioma versus eutopic endometrium from
the same patients have also been reported [96]. Grande et al, analyzed the cervical mucus samples of endometriosis
patients and detected large number of proteins that were differentially expressed. Nine proteins including some
involved in protection against oxidative stress (HSPB1) and local innate immunity (CRISP-3 and Pglyrp1) were
reduced and six proteins were increased in endometriosis [97]. Eutopic endometrium is an important source of
potential diagnostic biomarkers because of differential expression levels of noncoding RNA in tissue as well as in
blood [98]. Different SNPs in six genetic loci including 7p15.2, VEZT, WNT4, CDKN2B-AS1, GREB1 and ID4
as well as SNPs located on the locus of VEZT and CDKN2B-AS1 may also serve as biomarkers for endometriosis.
The development and validation of these biomarkers in clinics will facilitate the early diagnosis of endometriosis.
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Future perspective & conclusion
In last decades, research in endometriosis has identified variety of markers associated with genetic, polymorphisms,
immunology, adhesion, oxidative stress, circulating cells, miRNAs and hormonal receptors. But none of these are
useful for clinical practice furthermore, additional potent biomarkers have been reported with the advent of ‘omics’
that help scientific community detect myriad of genetic and molecular features at once.
Proteomic and transcriptomic analysis of endometrial fluid and blood have been applied to monitor the severity
of endometriosis. New markers are on the horizon with the advent of omics technology.
From a diagnostic standpoint, proangiogenic factors such as VEGF, PIGF, NGAL, sEng, sFlt-1 have shown to be
effective biomarkers of pre-eclampsia. Likewise, several cytokines (MCP-1, TNF-α, IFN-γ, IL-1, IL-6 and IL-8),
glycoproteins (follistatin, glycodelin A), miRNA, autoantibodies and angiogenesis factors (VEGF, PEDF, HGF,
FGF-2) have been found efficacious for the screening of endometriosis.
Despite of promising results obtained through these emerging new biomarkers, extensive clinical research is
still needed for validation. None of these biomarkers fulfill the WHO criteria for biomarker selection to diagnose
pre-eclampsia and endometriosis. Biomarker research in both these disorders still lack reproducible data with
high specificity and sensitivity. Metabolomics and proteomics offer new opportunities and potential advantages
compared with conventional and classic diagnostic approaches. Scientific community must explore the challenges
hindering the validation of candidate biomarkers for endometriosis for pre-eclampsia.
Executive summary
• Gynecological disorders are leading public health problems in developing countries with substantial impact on
women’s quality of life.
• Timely diagnosis is necessary to prevent maternal deaths and to manage complications. Biomarker development
will create a wide window of opportunity for early diagnosis.
• This review discusses the current status of biomarkers and recent advances in ‘omics’ technology for early
screening of endometriosis and pre-eclampsia because of significant global bioburden associated with these
disorders.
Pre-eclampsia
• From a diagnostic standpoint, proangiogenic factors such as VEGF, PIGF, neutrophil gelatinase associated lipocalin
(NGAL), soluble endoglin (sEng) and soluble Fms-like tyrosine kinase-1 (sFlt-1) have shown to be effective
biomarkers of pre-eclampsia.
Endometriosis
• Likewise, several cytokines (MCP-1, TNF-α, IFN-γ, IL-1, IL-6 and IL-8), glycoproteins (follistatin, glycodelin A),
miRNA, autoantibodies and angiogenesis factors (VEGF, PEDF, HGF, FGF-2) have been found efficacious for the
screening of endometriosis.
Financial & competing interests disclosure
The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria,
stock ownership or options, expert testimony, grants or patents received or pending, or royalties.
No writing assistance was utilized in the production of this manuscript.
References
1. Acimovic M, Vidakovic S, Milic N et al. Survivin and vegf as novel biomarkers in diagnosis of endometriosis/survivin i vegf kao novi
biomarkeri u dijagnostici endometrioze. J. Med. Biochem. 35(1), 63–68 (2016).
2. Ahn SH, Singh V, Tayade C. Biomarkers in endometriosis: challenges and opportunities. Fertil. Steril. 3, 523–532 (2017).
3. Baker PN, Krasnow J, Roberts JM, Yeo KT. Elevated serum levels of vascular endothelial growth factor in patients with pre-eclampsia.
Obstet. Gynecol. 86(5), 815–821 (1997).
4. Barton JR, Sibai BM. Prediction and prevention of recurrent pre-eclampsia. Obstet. Gynecol. 112(2), 359–372 (2008).
5. Bdolah Y, Elchalal U, Natanson YS et al. Relationship between nulliparity and Pre-eclampsia may be explained by altered circulating
soluble fms-like tyrosine kinase 1. Hypertens. Pregnancy 33(2), 250–259 (2014).
6. Bergman D, Kadner SS, Cruz MR et al. Synthesis of α1-antichymotrypsin and α1-antitrypsin by human trophoblast. Pediatr. Res. 34(3),
312–317 (1993).
future science group www.futuremedicine.com 1169
Review Wahid, Rafique, Ali et al.
7. Brosens IA, De Sutter P, Hamerlynck T et al. Endometriosis is associated with a decreased risk of pre-eclampsia. Hum. Reprod. 22(6),
1725–1729 (2007).
8. Buhimschi IA, Zhao G, Funai EF et al. Proteomic profiling of urine identifies specific fragments of serpina1 and albumin as biomarkers
of pre-eclampsia. Am. J. Obstet Gynecol. 199(5), 551. e551–551. e516 (2008).
9. Carty DM, Delles C, Dominiczak AF. Novel biomarkers for predicting pre-eclampsia. Trends Cardiovasc. Med. 18(5), 186–194 (2008).
10. Chaiworapongsa T, Romero R, Espinoza J et al. Evidence supporting a role for blockade of the vascular endothelial growth factor system
in the pathophysiology of pre-eclampsia: young investigator award. Am. J. Obstet Gynecol. 190(6), 1541–1547 (2004).
11. Chen G, Zhang Y, Jin X et al. Urinary proteomics analysis for renal injury in hypertensive disorders of pregnancy with itraq labeling and
lc-ms/ms. Proteomics Clin. Appl. 5(5), 300–310 (2011).
12. Chen L, Fan R, Huang X, Xu H, Zhang X. Reduced levels of serum pigment epithelium-derived factor in women with endometriosis.
Reprod. Sci. 19(1), 64–69 (2012).
13. Chen Y. Novel angiogenic factors for predicting pre-eclampsia: Sflt-1, plgf, and soluble endoglin. Open Clin. Chem. J. 2, 1–6 (2009).
14. Costa FDS, Murthi P, Keogh R, Woodrow N. Early screening for pre-eclampsia. Rev. Bras. Ginecol. Obstet. 33(11), 367–375 (2011).
15. D’Anna R, Baviera G, Giordano D et al. First trimester serum papp-a and ngal in the prediction of late-onset pre-eclampsia. Prenat.
Diagn. 29(11), 1066–1068 (2009).
16. D’Anna R, Baviera G, Giordano D et al. Neutrophil gelatinase-associated lipocalin serum evaluation through normal pregnancy and in
pregnancies complicated by preeclampsia. Acta Obstet. Gynecol. Scand. 89(2), 275–278 (2011).
17. Dai DM, Cao J, Yang HM et al. Hematocrit and plasma albumin levels difference may be a potential biomarker to discriminate
pre-eclampsia and eclampsia in patients with hypertensive disorders of pregnancy. Clin. Chim. Acta 464, 218–222 (2017).
18. de Lucca L, Rodrigues F, Jantsch LB et al. Delta-aminolevulinate dehydratase activity and oxidative stress markers in pre-eclampsia.
Biomed. Pharmacother. 84, 224–229 (2016).
19. Dutta M, Joshi M, Srivastava S, Lodh I, Chakravarty B, Chaudhury K. A metabonomics approach as a means for identification of
potential biomarkers for early diagnosis of endometriosis. Mol. Biosyst. 8(12), 3281–3287 (2012).
20. Eremina V, Sood M, Haigh J et al. Glomerular-specific alterations of vegf-a expression lead to distinct congenital and acquired renal
diseases. J. Clin. Invest. 111(5), 707–716 (2003).
21. Fassbender A, Vodolazkaia A, Saunders P et al. Biomarkers of endometriosis. Fertil. Steril. 99(4), 1135–1145 (2013).
22. Fassbender A, Waelkens E, Verbeeck N et al. Proteomics analysis of plasma for early diagnosis of endometriosis. Obstet. Gynecol. 119(2,
Pt 1), 276–285 (2012).
23. Ferguson KK, Meeker JD, McElrath TF, Mukherjee B, Cantonwine DE. Repeated measures of inflammation and oxidative stress
biomarkers in preeclamptic and normotensive pregnancies. Am. J. Obstet Gynecol. 5, 527 (2016).
24. Gajbhiye R, Sonawani A, Khan S et al. Identification and validation of novel serum markers for early diagnosis of endometriosis. Hum.
Reprod. 2, 408–417 (2011).
25. Garovic VD, Wagner SJ, Petrovic LM et al. Glomerular expression of nephrin and synaptopodin, but not podocin, is decreased in kidney
sections from women with preeclampsia. Nephrol. Dial. Transplant. 22(4), 1136–1143 (2007).
26. Garovic VD, Wagner SJ, Turner ST et al. Urinary podocyte excretion as a marker for pre-eclampsia. Am. J. Obstet Gynecol. 196(4), 320.
e321–320. e327 (2007).
27. Giasson J, Hua Li G, Chen Y. Neutrophil gelatinase-associated lipocalin (ngal) as a new biomarker for non-acute kidney injury (aki)
diseases. Inflamm. Allergy. Drug Targets 10(4), 272–282 (2011).
28. Grande G, Vincenzoni F, Milardi D et al. Cervical mucus proteome in endometriosis. Clin. Proteomics 14(1), 7 (2017).
29. Grill S, Rusterholz C, Zanetti-Da¨llenbach R et al. Potential markers of preeclampsia – a review. Reprod. Biol. Endocrinol. 7(70),
doi:10.1186/1477-7827-7-70 (2009).
30. Hadfield RM, Lain SJ, Raynes-Greenow CH, Morris JM, Roberts CL. Is there an association between endometriosis and the risk of
pre-eclampsia? A population based study. Hum. Reprod. 24(9), 2348–2352 (2009).
31. Huang HF, Hong LH, Tan Y, Sheng JZ. Matrix metalloproteinase 2 is associated with changes in steroid hormones in the sera and
peritoneal fluid of patients with endometriosis. Fertil. Steril. 81(5), 1235–1239 (2004).
32. Jia S-Z, Yang Y, Lang J, Sun P, Leng J. Plasma mir-17-5p, mir-20a and mir-22 are down-regulated in women with endometriosis. Hum.
Reprod. 28(2), 322–330 (2013).
33. Jung YJ, Cho HY, Cho S et al. The level of serum and urinary nephrin in normal pregnancy and pregnancy with subsequent
preeclampsia. Yonsei Med. J. 58(2), 401–406 (2017).
34. Kalousova´ M, Muravska´ A, Zima T. Pregnancy-associated plasma protein a (papp-a) and preeclampsia. Adv. Clin. Chem. 169–209
(2014).
35. Khanaki K, Nouri M, Ardekani AM et al. Evaluation of the relationship between endometriosis and omega-3 and omega-6
polyunsaturated fatty acids. Iran. Biomed J. 16(1), 38–43( 2012).
1170 Biomark. Med. (2018) 12(10) future science group
Biomarkers for diagnosis of pre-eclampsia & endometriosis Review
36. Kharb S, Nanda S. Patterns of biomarkers in cord blood during pregnancy and pre-eclampsia. Curr. Hypertens. Rev.1, 57–64 (2017).
37. Kianpour M, Nematbakhsh M, Ahmadi SM et al. Serum and peritoneal fluid levels of vascular endothelial growth factor in women with
endometriosis. Int. J. Fertil. Steril. 7(2), 96–99 (2013).
38. Kocbek V, Vouk K, Mueller MD, Rizˇner TL, Bersinger NA. Elevated glycodelin-a concentrations in serum and peritoneal fluid of
women with ovarian endometriosis. Gynecol. Endocrinol. 29(5), 455–459 (2013).
39. Koga K, Osuga Y, Yoshino O et al. Elevated serum soluble vascular endothelial growth factor receptor 1 (svegfr-1) levels in women with
pre-eclampsia. J. Clin. Endocrinol. Metab. 88(5), 2348–2351 (2003).
40. Kolialexi A, Tsangaris GT, Sifakis S et al. Plasma biomarkers for the identification of women at risk for early-onset pre-eclampsia. Expert
Rev. Proteomics 14(3), 269–276 (2017).
41. Kooffreh ME, Ekott M, Ekpoudom DO. The prevalence of pre-eclampsia among pregnant women in the university of calabar teaching
hospital, calabar. Saudi J. Health Sci. 3(3), 133–136 (2014).
42. Lambrinoudaki IV, Augoulea A, Christodoulakos GE et al. Measurable serum markers of oxidative stress response in women with
endometriosis. Fertil. Steril. 91(1), 46–50 (2009).
43. Lapaire O, Shennan A, Stepan H. The preeclampsia biomarkers soluble fms-like tyrosine kinase-1 and placental growth factor: current
knowledge, clinical implications and future application. Eur. J. Obstet. Gynecol. Reprod. Biol. 151(2), 122–129 (2010).
44. Lean˜os-Miranda A, Me´ndez-Aguilar F, Ramı´rez-Valenzuela KL et al. Circulating angiogenic factors are related to the severity of
gestational hypertension and preeclampsia, and their adverse outcomes. Medicine. 96(4), 6005 (2017).
45. Leone Roberti Maggiore U, Ferrero S et al. A systematic review on endometriosis during pregnancy: diagnosis, misdiagnosis,
complications and outcomes. Hum. Reprod. Update 22(1), 70–103 (2015).
46. Li L, Zheng Y, Zhu Y, Li J. Serum biomarkers combined with uterine artery doppler in prediction of pre-eclampsia. Exp. Ther. Med.
12(4), 2515–2520 (2016).
47. Lu Q, Liu C, Liu Y, Zhang N, Deng H, Zhang Z. Serum markers of pre-eclampsia identified on proteomics. J. Obstet. Gynaecol. Res.
42(9), 1111–1118 (2016).
48. Luo Q, Han X. Second-trimester maternal serum markers in the prediction of pre-eclampsia. J. Perinat. Med. 7, 809–816 (2016).
49. Mabrouk M, Elmakky A, Caramelli E et al. Performance of peripheral (serum and molecular) blood markers for diagnosis of
endometriosis. Arch. Gynecol. Obstet. 285(5), 1307–1312 (2012).
50. Macdonald-Wallis C, Lawlor DA, Heron J, Fraser A, Nelson SM, Tilling K. Relationships of risk factors for pre-eclampsia with patterns
of occurrence of isolated gestational proteinuria during normal term pregnancy. PLoS ONE 6(7), e22115 (2011).
51. Martinez-Fierro ML, Perez-Favila A, Garza Veloz I et al. Matrix metalloproteinase multiplex screening identifies increased mmp-2 urine
concentrations in women predicted to develop preeclampsia. Biomarkers 1, 18–24 (2017).
52. Matarese G, De Placido G, Nikas Y, Alviggi C. Pathogenesis of endometriosis: natural immunity dysfunction or autoimmune disease?
Trends Mol. Med. 9(5), 223–228 (2003).
53. Mathur P, Mathur P, Maru L, Dave A. A prospective study of placental growth factor assay as a novel biomarker in predicting early-onset
preeclampsia in high-risk patients. J. Obstet. Gynaecol. India 66(1), 98–103 (2016).
54. May K, Conduit-Hulbert S, Villar J, Kirtley S, Kennedy S, Becker C. Peripheral biomarkers of endometriosis: a systematic review. Hum.
Reprod. Update 6, 651–674 (2010).
55. Maynard SE, Min JY, Merchan J et al. Excess placental soluble fms-like tyrosine kinase 1 (sflt1) may contribute to endothelial
dysfunction, hypertension, and proteinuria in preeclampsia. J. Clin. Invest. 111(5), 649–658 (2003).
56. Mol BW, Bayram N, Lijmer JG et al. The performance of ca-125 measurement in the detection of endometriosis: a meta-analysis. Fertil.
Steril. 70(6), 1101–1108 (1998).
57. Morikawa M, Yamada T, Yamada T, Sato S, Cho K, Minakami H. Effects of nulliparity, maternal age, and pre-pregnancy body mass
index on the development of gestational hypertension and preeclampsia. Hypertens. Res. Pregnancy 1(2), 75–80 (2013).
58. Munro´s J, Mart´ınez-Zamora M, Ta`ssies D et al. Total circulating microparticle levels are increased in patients with deep infiltrating
endometriosis. Hum. Reprod. 32(2), 325–331 (2017).
59. Nabeta M, Abe Y, Haraguchi R, Kito K, Kusanagi Y, Ito M. Serum anti-pdik1l autoantibody as a novel marker for endometriosis. Fertil.
Steril. 94(7), 2552–2557 (2010).
60. Nabeta M, Abe Y, Takaoka Y, Kusanagi Y, Ito M. Identification of anti-syntaxin 5 autoantibody as a novel serum marker of
endometriosis. J. Reprod. Immunol. 91(1), 48–55 (2011).
61. Nagy B, Rigo J, Fintor L, Karadi I, Toth T. Apolipoprotein E alleles in women with severe pre-eclampsia. J. Clin. Pathol. 51(4), 324–325
(1998).
62. Nicolaides K, Bindra R, Turan O et al. A novel approach to first-trimester screening for early pre-eclampsia combining serum pp-13 and
doppler ultrasound. Ultrasound Obstet. Gynecol. 27(1), 13–17 (2006).
future science group www.futuremedicine.com 1171
Review Wahid, Rafique, Ali et al.
63. Nisenblat V, Bossuyt PM, Shaikh R et al. Blood biomarkers for the non-invasive diagnosis of endometriosis. Cochrane Database Syst.
Rev. 5, 12179 (2016).
64. Odibo AO, Goetzinger KR, Odibo L et al. First-trimester prediction of preeclampsia using metabolomic biomarkers: a discovery phase
study. Prenat. Diagn. 31(10), 990–994 (2011).
65. Olkowska-Truchanowicz J, Bocian K, Maksym RB et al. CD4+ CD25+ FOXP3+ regulatory T cells in peripheral blood and peritoneal
fluid of patients with endometriosis. Hum. Reprod. 28(1), 119–124 (2013).
66. Perucci LO, Vieira E´LM, Teixeira AL, Gomes KB, Dusse LM, Sousa LP. Decreased plasma concentrations of brain-derived neurotrophic
factor in preeclampsia. Clin. Chim. Acta 464, 142–147 (2017).
67. Prieto L, Quesada JF, Cambero O et al. Analysis of follicular fluid and serum markers of oxidative stress in women with infertility related
to endometriosis. Fertil. Steril. 98(1), 126–130 (2012).
68. Ra˘dulescu C, Bacaˆrea A, Hut¸anu A, Gabor R, Dobreanu M. Placental growth factor, soluble fms-like tyrosine kinase 1, soluble endoglin,
IL-6, and IL-16 as biomarkers in preeclampsia. Mediators Inflamm. 4, 844–847 (2016).
69. Rahmanian M, Salari Z, Mirmohammadkhani M, Ghorbani R. Is the sex hormone binding globulin related to preeclampsia
independent of insulin resistance? J. Pak. Med. Assoc. 9, 640–643 (2014).
70. Saare M, Rekker K, Laisk-Podar T et al. High-throughput sequencing approach uncovers the mirnome of peritoneal endometriotic
lesions and adjacent healthy tissues. PLoS ONE 9(11), e112630 (2014).
71. Santillan MK, Santillan DA, Scroggins SM et al. Vasopressin in preeclampsia a novel very early human pregnancy biomarker and
clinically relevant mouse model. Hypertension 64(4), 852–859 (2014).
72. Scioscia M, Gumaa K, Rademacher TW. The link between insulin resistance and pre-eclampsia: new perspectives. J. Reprod. Immunol.
82(2), 100–105 (2009).
73. Seifer BJ, Su D, Taylor HS. Circulating miRNAs in murine experimental endometriosis decreased abundance of let-7a. Reprod.
Sci. 24(3), 376–381 (2017).
74. Serebrova V, Trifonova E, Gabidulina T et al. Detection of novel genetic markers of susceptibility to pre-eclampsia based on an analysis
of the regulatory genes in the placental tissue. Mol. Biol. 50(5), 768–776 (2016).
75. Sharma I, Dhaliwal LK, Saha SC, Sangwan S, Dhawan V. Role of 8-iso-prostaglandin f 2α and 25-hydroxycholesterol in the
pathophysiology of endometriosis. Fertil. Steril. 94(1), 63–70 (2010).
76. Signorile PG, Baldi A. Serum biomarker for diagnosis of endometriosis. J. Cell. Physiol. 229(11), 1731–1735 (2014).
77. Sikora J, Smycz-Kuban´ska M, Mielczarek-Palacz A, Kondera-Anasz Z. Abnormal peritoneal regulation of chemokine activation – the role
of IL-8 in pathogenesis of endometriosis. Am. J. Reprod. Immunol. 4, 12622 (2017).
78. Singh AK, Chattopadhyay R, Chakravarty B, Chaudhury K. Altered circulating levels of matrix metalloproteinases 2 and 9 and their
inhibitors and effect of progesterone supplementation in women with endometriosis undergoing in vitro fertilization. Fertil.
Steril.100(1), 127–134 (2013).
79. Stubert J, Kleber T, Bolz M et al. Acute-phase proteins in prediction of preeclampsia in patients with abnormal midtrimester uterine
doppler velocimetry. Arch. Gynecol. Obstet. 294(6), 1151–1160 (2016).
80. Suryawanshi S, Vlad AM, Lin HM et al. Plasma micrornas as novel biomarkers for endometriosis and endometriosis-associated ovarian
cancer. Clin. Cancer Res. 19(5), 1213–1224 (2013).
81. Szubert M, Suzin J, Duechler M, Szu-lawska A, Czy_z M, Kowalczyk-Amico K. Evaluation of selected angiogenic and inflammatory
markers in endometriosis before and after danazol treatment. Reprod. Fertil. Dev. 26(3), 414–420 (2014).
82. Taylor BD, Ness RB, Klebanoff MA et al. First and second trimester immune biomarkers in preeclamptic and normotensive women.
Pregnancy Hypertens. 6(4), 388–393 (2016).
83. Turkyilmaz E, Yildirim M, Cendek BD et al. Evaluation of oxidative stress markers and intra-extracellular antioxidant activities in
patients with endometriosis. Eur. J. Obstet. Gynecol. Reprod. Biol. 199, 164–168 (2016).
84. Vehmas AP, Muth-Pawlak D, Huhtinen K et al. Ovarian endometriosis signatures established through discovery and directed mass
spectrometry analysis. J. Proteome Res. 13(11), 4983–4994 (2014).
85. Venkatesha S, Toporsian M, Lam C et al. Soluble endoglin contributes to the pathogenesis of preeclampsia. Nat. Med. 12(6), 642–649
(2006).
86. Verit FF, Erel O, Celik N. Serum paraoxonase-1 activity in women with endometriosis and its relationship with the stage of the disease.
Hum. Reprod. 23(1), 100–104 (2008).
87. Vodolazkaia A, El-Aalamat Y, Popovic D et al. Evaluation of a panel of 28 biomarkers for the non-invasive diagnosis of
endometriosis. Hum. Reprod. 9, 2698–2711 (2012).
88. Vouk K, Hevir N, Ribicˇ-Pucelj M et al. Discovery of phosphatidylcholines and sphingomyelins as biomarkers for ovarian endometriosis.
Hum. Reprod. 27(10), 2955–2965 (2012).
89. Wang WT, Zhao YN, Han BW, Hong SJ, Chen YQ. Circulating micrornas identified in a genome-wide serum microRNA expression
analysis as noninvasive biomarkers for endometriosis. J. Clin. Endocrinol. Metab. 98(1), 281–289 (2012).
1172 Biomark. Med. (2018) 12(10) future science group
Biomarkers for diagnosis of pre-eclampsia & endometriosis Review
90. Wikstro¨m AK, Ekegren L, Karlsson M, Wikstro¨m J, Bergenheim M, A˚kerud H. Plasma levels of s100b during pregnancy in women
developing pre-eclampsia. Pregnancy Hypertens. 2(4), 398–402 (2012).
91. Wishart DS, Knox C, Guo AC et al. Hmdb: a knowledgebase for the human metabolome. Nucleic Acids Res. 37(Suppl. 1), D603–D610
(2009).
92. Wolf M, Shah A, Lam C et al. Circulating levels of the antiangiogenic marker sflt-1 are increased in first versus second pregnancies. Am.
J. Obstet. Gynecol. 193(1), 16–22 (2005).
93. Xiao J, Niu J, Ye X, Yu Q, Gu Y. Combined biomarkers evaluation for diagnosing kidney injury in pre-eclampsia. Hypertens. Pregnancy
32(4), 439–449 (2013).
94. Yi YC, Wang SC, Chao CC, Su CL, Lee YL, Chen LY. Evaluation of serum autoantibody levels in the diagnosis of ovarian
endometrioma. J. Clin. Lab. Anal. 24(5), 357–362 (2010).
95. Yu C, Papageorghiou A, Bindra R, Spencer K, Nicolaides K. Second-trimester sex hormone-binding globulin and subsequent
development of pre-eclampsia. J. Matern. Fetal Neonatal Med. 16(3), 158–162 (2004).
96. Zachariah R, Schmid S, Radpour R et al. Circulating cell-free DNA as a potential biomarker for minimal and mild endometriosis.
Reprod. Biomed. Online 18(3), 407–411 (2009).
97. Zheng N, Pan C, Liu W. New serum biomarkers for detection of endometriosis using matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. J. Int. Med. Res. 39(4), 1184–1192 (2011).
98. Zong L, Li Y, Ha X. Determination of hgf concentration in serum and peritoneal fluid in women with endometriosis. Di Yi Jun Yi Da
Xue Xue Bao 23(8), 757–760 (2003).
future science group www.futuremedicine.com 1173

